INTRODUCTION {#sec1-1}
============

The primary goal of endodontic therapy is to make the root canal system devoid of micro-organisms. This can be achieved by thorough biomechanical preparation, along with effective debridement and disinfection protocols. The use of various intracanal irrigants and medicaments are essential to control microbial infections especially in the lateral and accessory canals, isthmus, and apical deltas.\[[@ref1]\]

Calcium hydroxide \[Ca(OH)~2~\] is a commonly employed intracanal medicament in root canal therapy. Its antibacterial activity is directly related to its ionic dissociation into calcium and hydroxyl ions;this high alkalinity inactivates bacterial enzymes. Chlorhexidine (CHX, N,N1-Bis(4-chlorophenyl)-3,12-diimino-2, 4, 11, 13,tetraaza tetradecadediimidamide), a potent antibacterial and antiseptic agent is used extensively in the irrigation of root canal walls and also as a medicament during routine endodontic therapy. It has the ability to maintain antibacterial activity for a prolonged period. A mixture of Ca(OH)~2~ and CHX has been shown to possess better antimicrobial efficacy due to their synergistic effect than Ca(OH)~2~ alone.\[[@ref2]\] *In vitro* studies have demonstrated that CHX might induce ROS production in an alkaline environment. The preparation of the Ca(OH)~2~ and 0.2% CHX mixture generates ROS immediately after the mixture and also after 7 and 14 days.\[[@ref3]\] ROS inhibits the growth of *Enterococcus feacalis* by destruction of its cell wall and plasma membrane and plays an important role in the pathogenesis of pulpal and periodontal diseases.\[[@ref4][@ref5]\]

ROS are oxygen-containing, chemically reactive molecules. The high reactivity is mainly due to the presence of unpaired valence shell electrons. During normal metabolism of oxygen, ROS is formed as a byproduct and plays an important role in cell signaling and homeostasis. However, during oxidative stress, ROS levels increase intensely and result in significant damage to cell structures. These species are cytotoxic and have been implicated in the etiology of a wide array of human diseases.\[[@ref5]\] Thus ROS can kill bacteria but it also destroys the adjacent infected host tissues.\[[@ref6]\]

To counteract the ROS formation, ROS scavengers/antioxidants are of prime importance for preventing and controlling human diseases. Antioxidants are necessary for the destruction of these free radicals (ROS) by reacting with oxygen and thereby preventing the harmful effects caused by oxygen radicals.\[[@ref3]\] Proanthocyanidin and lycopene are potent bioactive antioxidants naturally occurring in grape seed and tomato extracts, respectively and act as ROS scavengers.\[[@ref7][@ref8]\] Proanthocyanidins are seen in high concentrations in red wine and grapes. They are antibacterial, antiallergic, and inhibit platelet aggregation and capillary permeability; these effects contribute to the potent antioxidant ability.\[[@ref7]\] Lycopene, a red pigment found in tomato-based products, is an acyclic form of beta-carotene.\[[@ref8]\] It is a highly unsaturated hydrocarbon containing 11 conjugated and two unconjugated double bonds.\[[@ref9]\]

No study has been undertaken to comparatively analyze the role of grape seed and tomato extract in reducing ROS formation. Hence the objective of this study was to analyze ROS formation when CHX was mixed with Ca(OH)~2~ and to evaluate the effect of proanthocyanidin and lycopene on ROS formation when mixed with CHX and Ca(OH)~2~. The study also aims to evaluate the effect of these antioxidants on the antibacterial efficacy of Ca(OH)~2~ and CHX against *E. feacalis*.

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of solutions {#sec2-1}
------------------------

Five grams of grape seed extract (GNC Herbal Plus, Singapore) in the form of powder was collected from capsules and dissolved in 100 mL of distilled water to make 5% proanthocyanidin solution. Five grams of tomato extract (Parry Nutraceuticals, India) in the form of powder was dissolved in 100 mL of distilled water to make 5% lycopene solution.

Preparation of sample {#sec2-2}
---------------------

Four sample groups were prepared as follows. Group I: 2% CHX gluconate, (ASEP-RC, Steadman Pharmaceuticals Pvt Ltd, Thiruporur, Tamilnadu), group II was a mixture of 125 mg of Ca(OH)~2~ with 1 mL of 2% CHX gluconate solution. Group III comprised a mixture of 125 mg of Ca(OH)~2~ with 1 mL of 2% CHX solution and 1 mL of 5% proanthocyanidin solution and group IV, a mixture of 125 mg of Ca(OH)~2~ with 1 mL of 2% CHX gluconate solution and 1 mL of 5% lycopene solution. On mixing, groups II, III, and IV had a paste-like consistency.

Evaluating ROS formation {#sec2-3}
------------------------

Each of the sample groups was analyzed for ROS formation using the mass spectrometer (JEOL GC MATE II) immediately after preparation. The mass spectrometer was used in the electron impact ionization method with the ion source temperature held at 280°C, detector volts of 70 eV, and a mass range of 50 to 500 amu (amu: atomic mass unit). The output was recorded as peak values on a computer.

Antibacterial assessment {#sec2-4}
------------------------

Antibacterial property was evaluated by using agar diffusion method. All the groups were placed on the petri dishes inoculated with Robertson\'s cooked media and incubated at a temperature of 37±1°C with Muller Hinton agar and were incubated for 24 hours. The agar was evenly distributed over the surfaces of the Petri dishes (of 90 mm diameter) to a thickness of 5 mm. Standard wells with a diameter of 4.0 mm were punched into the agar with the blunt end of a Pasteur pipette. Approximately 0.5 mL suspensions of *E. feacalis* were swabbed over the surface of the agar plates with a sterile applicator. The agar plates were incubated at 37 °C for 24 hours. The diameters of the inhibition zones around the materials were measured in mm using vernier caliper and divider after 24 hours. The results were tabulated and analyzed statistically using one-way ANOVA and Tukey-Kramer multiple comparison tests.

RESULTS {#sec1-3}
=======

The graph that shows a peak value of 196.96 denotes ROS. When comparing the Graphs of group I \[[Figure 1](#F1){ref-type="fig"}\], group II \[[Figure 2](#F2){ref-type="fig"}\] and group III \[[Figure 3](#F3){ref-type="fig"}\], the group IV \[[Figure 4](#F4){ref-type="fig"}\] shows a drastic reduction in ROS formation.

![Reactive oxygen species formation in group I](JCD-15-337-g001){#F1}

![Reactive oxygen species formation in group II](JCD-15-337-g002){#F2}

![Reactive oxygen species formation in group III](JCD-15-337-g003){#F3}

![Reactive oxygen species formation in group IV](JCD-15-337-g004){#F4}

DISCUSSION {#sec1-4}
==========

ROS such as superoxide radical, hydrogen peroxide, singlet oxygen, and hydroxyl radical are small, short-lived, and highly reactive molecules formed by incomplete one-electron reduction of oxygen. They are cytotoxic and have been implicated in various diseases like diabetes and neurodegenerative diseases, and influence cellular processes such as proliferation, apoptosis, and senescence, responsible for cancer development. Generally, harmful effects of ROS on the cell most often include damage of DNA, oxidation of polydesaturated fatty acids in lipids, oxidation of amino acids in proteins, and oxidative inactivation of specific enzymes by oxidation of cofactors.\[[@ref5]\] However, ROS in lesser quantities are shown to be bactericidal and can enhance cell proliferative activity and information signaling. ROS inactivate bacteria and their proteins and contribute to the microbicidal activity of phagocytes, regulation of signal transduction, and gene expression, and cause oxidative damage to nucleic acids, proteins, and lipids. Waris and Ahsan have reported that elevated levels of ROS and downregulation of ROS scavengers and antioxidant enzymes are associated with various human diseases including different types of cancer. In normal conditions, a dynamic equilibrium exists between ROS activity and defense capacity of antioxidants. The shift in equilibrium in favor of ROS activity results in oxidative stress. This might happen either due to an increase in ROS production or a decrease in defense capacity of antioxidants. Antioxidants are substances which considerably delay or inhibit oxidation of the oxidizable substrate at lower concentrations.\[[@ref10]\]

Proanthocyanidins, or condensed tannins, are oligomers and polymers of flavan-3-ols, found in the skin, stems, and seeds of grapes from which they are extracted into the must during vinification.\[[@ref11]\] Many *in vitro* and *in vivo* studies have shown that proanthocyanidins possess potent antioxidant properties.\[[@ref12][@ref13]\] Grape seed extract was chosen for this study as it yields a 10% higher concentration of proanthocyanidins, with a greater degree of oxygen free radical-scavenging potential when compared to skins and stems of grapes.\[[@ref14]\] Proanthocyanidin possesses anticariogenic property by inhibiting the glucan synthesis and the subsequent adhesion of *Streptococcus mutans* on the structure of the tooth. Moreover, grape seed extracts inhibit the growth of anaerobic bacteria, such as *Porphyromonas gingivalis* and *Fusobacterium nucleatum*, associated with periodontal diseases.\[[@ref15]\]

Lycopene, the red pigment of tomato, is a tetraterpene assembled from eight isoprene units composed entirely of carbon and hydrogen, containing 11 conjugated and two nonconjugated carbon--carbon double bonds.\[[@ref9]\] Various studies have shown that the consumption of a lycopene-rich diet reduces the incidence of cancers and heart diseases. Lycopene possesses antibacterial and antifungal properties.\[[@ref16][@ref17]\] It is an effective adjuvant in the treatment of gingivitis along with oral prophylaxis.\[[@ref18]\] Lycopene exerts potent antifungal activity against *Candida albicans* by causing significant damage to the cell membrane.\[[@ref19]\] Lycopene, the main carotenoid in tomato products along with vitamin C and flavonoids, possesses the greatest quenching ability of singlet oxygen which accounts for its strong antioxidant and free radical-scavenging property.\[[@ref20]\] It protects cell membranes from lipid peroxidation by neutralizing hydroxyl radicals and stimulating antioxidative enzymes such as superoxide dismutase, glutathione peroxidase, and glutathione reductase. Lycopene has the potential to quench singlet oxygen, scavenge free radicals of nitrogen dioxide (NO~2~), thiyl (RS), and sulfonyl (RSO~2~), which also contributes to its potent antioxidant activity.\[[@ref21][@ref22]\]

According to the results of this study, the peak value of 196.96 denotes ROS formation. The peak of 195 m/z was probably originated by the production of reactive compounds (ROS), as a result of the high concentration of hydroxyl ions (alkaline environment) in the presence of CHX. The maximum production of ROS was observed in group II which is reflected in its higher peak value. When compared with group I (CHX), group II \[Ca(OH)~2~+CHX \] shows a higher ROS formation. This is probably due to the formation of hydroxyl ion which is the dissociation product of Ca(OH)~2~ at an alkaline pH. Group IV \[lycopene+CHX+Ca(OH)~2~\] and group III \[Ca(OH)~2~+CHX+proanthocyanidin\] show a significant decrease in ROS when compared with group II and group I. The reduction in ROS is attributed to the inherent antioxidant properties found in group IV and group III. Between group IV and group III, group IV shows a drastic reduction in ROS formation in the graph when compared to group III. The reduction in ROS levels in group III could be due to the fact that proanthocyanidins have specificity for hydroxyl free radicals and they possess multiple donor sites enabling them to trap superoxide radicals, and they also undergo redox reactions helping them to scavenge free radicals.\[[@ref23]\] Lycopene, by virtue of its high number of conjugated double bonds, has the maximum oxygen-quenching ability. Oxygen quenching by lycopene occurs via physical quenching, that is, the carotenoid remains intact and can undergo further cycles of single oxygen quenching. Further, lycopene is an effective deactivator of electronically excited sensitizer molecules which are involved in the generation of radicals and singlet oxygen.\[[@ref24]\] This could account for the drastic reduction of ROS seen in group IV. The relatively low molecular weight of lycopene (536.87 g/mol) when compared with proanthocyanidin (592.54 g/mol) could be also a factor for decreased ROS formation with lycopene. The low molecular weight ensues better penetration and thereby resultant decreased ROS formation.

The antibacterial efficacy of the groups was evaluated to determine whether reduction in ROS formation reduces the antibacterial potential of the extracts, as ROS plays a major role in inactivation of bacterial proteins due to its bactericidal effect. The agar diffusion method was chosen as it is a preliminary and most widely used method for antibacterial assessment. The antibacterial efficacy as evident from [Table 1](#T1){ref-type="table"} is as follows:

###### 

Zones of inhibition

![](JCD-15-337-g005)

Group IV \> group III \> group II \> group I. Group IV shows the maximum antibacterial efficacy with a zone of inhibition seen at 27 mm, whereas group I shows the least antibacterial efficacy with the zone of inhibition evident at 15 mm. Group III and group II have zones of inhibition at 23 mm and 20 mm, respectively. [Table 2](#T2){ref-type="table"} shows the intergroup comparisons between the four groups. Group I was statistically significant with respect to group III and group IV. Group II was statistically significant with group IV. No statistical difference was observed between groups I and II, groups II and III, and groups III and IV. Hence it can be said that lycopene and proanthocyanidin by their inherent antibacterial properties, produce a greater zone of bacterial inhibition than the CHX group and the Ca(OH)~2~- CHX mixture group.

###### 

Comparison between the four groups

![](JCD-15-337-g006)

CONCLUSION {#sec1-5}
==========

Within the limitations of this study, it can be concluded that the combination of Ca(OH)~2~ and CHX generates excessive amount of ROS which is detrimental to the host tissues. Lycopene and proanthocyanidin reduce the ROS significantly. Lycopene shows more antioxidant property when compared with proanthocyanidin. Addition of natural antioxidants like lycopene and proanthocyanidin to the Ca(OH)~2~-CHX mixture increases the antibacterial efficacy of the Ca(OH)~2~-CHX mixture and also decreases damage to the host tissue by lowering ROS formation. Thus, lycopene or proanthocyanidin are effective additives to enhance the antibacterial efficacy and for the safer use of intracanal medicament.
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